Abstract Observations in the Mg xii 8.42Å line onboard the CORONAS-F satellite have revealed compact high temperature objects-hot X-ray points (HXP)-and their major physical parameters were investigated. Time dependencies of temperature, emission measure, intensity, and electron density were measured for 169 HXPs. HXP can be divided into two groups by their temperature variations: those with gradually decreasing temperature and those with rapidly decreasing temperature. HXPs plasma temperatures lie in the range of 5 -40 MK, the emission measure is 10 45 -10 48 cm −3 , and the electron density is above 10 10 cm −3 , which exceeds the electron density in the quiet Sun (10 8 -10 9 cm −3 ). HXPs lifetimes vary between 5 -100 minutes, significantly longer than the conductive cooling time. This means that throughout a HXP's lifetime, the energy release process continues, which helps to maintain its high temperature. A HXP's thermal energy is not greater than 10 28 erg, and the total energy, which is released in HXPs, does not exceed 10 30 erg. HXPs differ in their physical properties from other flare-like microevents, such as microflares, X-ray bright points, and nanoflares.
Introduction
The process of plasma heating in the solar corona to temperatures beyond 5 MK occurs due to intense energy release. The study of these processes is important for understanding the reason for energy release, measuring the physical conditions in which these processes take place and for compiling a comprehensive picture of events occurring in the solar corona. Images of hot plasmas have been obtained from X-ray telescopes such as the Yohkoh/SXT Ogawara et al., 1991) , the RHESSI (Lin et al., 2002) , XRT/Hinode (Kosugi et al., 2007; Golub et al., 2007) , and the spectroheliograph Mg xii/SPIRIT (Zhitnik et al., 2003a) . These images showed that hot plasma is not present everywhere in the solar corona, but just in its compact areas. High-temperature events of the solar corona are flares, hot loops, microflares (Lin et al., 1984; Benz and Grigis, 2002) , active-region transient brightenings (ARTB: Shimizu, 1995) .
Here we present an analysis of 169 compact high-temperature objects ("hot X-ray points", HXPs) observed between 20 February 2002 and 28 February 2002 using the spectroheliograph Mg xii as part of the CORONAS-F/SPIRIT experiment.
Experimental Data
The Mg xii spectroheliograph is a part of the SPIRIT instrumentation complex, developed in the Lebedev Physical Institute of the Russian Academy of Sciences (Zhitnik et al., 2003b) . The Mg xii spectroheliograph obtains monochromatic images of the solar corona in λ = 8.42Å. A high degree of monochromaticity is achieved by using an optical scheme with a spherical crystal mirror (see Figure 1) , for which Bragg's law is satisfied for a narrow wavelength band (only the Mg xii 8.42Å doublet line is detected). Reflection from the surface of the mirror occurs only from its small parts where Bragg's law is satisfied:
(interplanar distance d (2d = 8.501Å), angle between incident ray and normal to a mirror θ, order of diffraction m, wavelength λ). For a working wavelength of λ = 8.42Å, Bragg's angle is close to 90
• , and an almost normal incidence occurs. Normal incidence allows us to obtain a high spatial resolution, ≈ 8 ′′ (effective size of the CCD's pixel is ≈ 6 ′′ ). Equation (1) shows that different wavelengths reflect at different angles, and therefore from different parts of the mirror. Due to spherical aberrations of the mirror, rays that have the same incident angle and a different site of reflection will be focused on different parts of the CCD matrix. Thanks to this effect, the Mg xii spectroheliograph has a small dispersion and at the same time can build up 2D images.
Due to spectroheliograph dispersion, images in different components of the Mg xii doublet (λ 1 = 8.4192Åand λ 2 = 8.4246Å, corresponding to level transitions 1s 2 S 1/2 -2p 2 P 1/2 and 1s 2 S 1/2 -2p 2 P 3/2 ) are shifted from one another. The distance between the two doublet components amounts to five pixels (one pixel is 0.00104Å), while the spectral width of the lines amounts to two pixels. An image of the compact source with a size less than one pixel shows a structure that is elongated in the direction of the dispersion. The transverse width of this structure is defined by a point spread function of the mirror and its FWHM equals ≈ one pixel. Its length amounts to 10-15 pixels and is determined by dispersion of the device and the line's spectral width. Emission of the Mg xii 8.42Å line occurs in hot plasma with T > 5 MK (see Figure 2 ). That is why images obtained from Mg xii spectroheliograph differ from images in cool lines obtained from other telescopes (for example Yohkoh/SXT): there is no limb visible on these images and they consist of separate localized sources. An example of an image obtained using the Mg xii spectroheliograph is shown on Figure 3b . An image obtained from Yohkoh/SXT in 2 -40Å spectral band (T > 2 MK) is shown in Figure 3a . These two images are taken at close points in time. HXPs are designated with arrows in these figures. Assuming that they are point sources, the transverse sizes of these structures on the Mg xii image are determined by spectroheliograph point spread function, and the elongation is caused by spectral dispersion. Images of the Mg xii spectroheliograph resemble images from the Yohkoh/SXT with Be-filter. HXPs, which are seen on spectroheliograph images, are also seen on Be-filter images. Observations using the Mg xii spectroheliograph carried out between 20 and 28 February 2002 were used for this analysis. At that time the satellite was in completely illuminated orbits, and the Mg xii spectroheliograph obtained images continuously with cadences from 40 -120 seconds. A total of 8689 images were taken.
Temporal Characteristics
An example of a series of images with evolving HXP is shown in Figure 4 . On the same image, temporal variations of the intensity (light curve) is also shown. In addition, the times of registration of separate images are marked with arrows. Here, we understand "intensity of a source" as a flux from this source in a given spectral band at the Earth's orbit. No ground-based calibration of the sensitivity of the spectroheliograph was carried out, which is why determination of the sensitivity was carried out using cross-calibration with X-ray data from the GOES satellite (Urnov et al., 2007) . Figure. 5 shows a light curve of the same HXP, with a temporal dependence of Sun-integrated flux in λ = 8.42Å line and flux in the 1 -8Å GOES channel (Sylwester, Garcia, and Sylwester, 1995) . For clarity, flux in the 1 -8Å GOES channel is scaled (multiplied by 0.1). This figure shows that the intensity from separate HXP in λ = 8.42Å could amount to 5% of the total flux from the Sun in λ = 8.42Å. Examples of a light curve for different HXPs are shown in Figure 7 . The lifetimes of these HXPs are approximately 10 minutes, 30 minutes, 50 minutes and 3 hours (we define lifetime as the time between the beginning and the ending of detection of the HXP in the 8.42Å line). The intensity error is determined by the noise of the detector at low intensities and by photon statistics at high intensities.
A histogram of HXPs' lifetime is shown in Figure 8 . The most likely lifetime value is ten minutes, although HXPs with lifetime less than two minutes and greater than 60 minutes were observed 20 times, i.e. events with very short or very long lifetime are unlikely, but possible.
Determination of HXP Temperature
The HXP plasma temperature determination is based on measuring the spectral width of the Mg xii 8.42Å line. In solar corona conditions the main contribution to line broadenings occurs due to the Doppler effect. Doppler broadening is caused by the thermal and turbulent motion of emitting ions. We neglect turbulence (because estimations show that its influence is small, see Appendix A) 
where ∆λ is the Doppler broadening, λ = 8.42Å, c is the speed of light, k B is Boltzmann's constant, T is the plasma temperature, and M is the mass of a magnesium ion. Since only objects with small transverse sizes (relative to the direction of dispersion) were selected for analysis, we assume that their longitudinal size is also small. This means that a HXP's intensity profile in the dispersion direction is a spectrum of Mg xii λ = 8.42Å line, undistorted by its spatial structure. Scanning of compact sources (in the dispersion direction) allows us in most cases to resolve both components of the Mg xii doublet. In order to obtain a doublet spectrum, the spectroheliograph signal was summed in the vicinity of a HXP in the direction perpendicular to the dispersion. This method is illustrated on Figure 9 . The spectrum obtained was approximated by the sum of two Gauss profiles:
where I(λ) is measured spectrum. I 1 , I 2 , I 0 , λ 1 , and ∆λ are unknown spectrum parameters, which are determined by fitting. The difference between λ 1 and λ 2 is fixed and equals 5.4 mÅ. It is worth mentioning that the temperature cannot always be determined: at low intensities, noise of the CCD corrupts the signal; also, sometimes the transverse size of the HXP could exceed one pixel, and therefore the temperature using the above method would not be accurate.
In Figure 10 , the variations of intensity and temperature of two HXPs are shown. The first event is relatively fast. It lasts ten minutes and the temperature reaches 20 MK. Maximum intensity and temperature occur approximately at the same time. The second HXP lasts 50 minutes, and the temperature reaches 30 MK. The maximum intensity is delayed by 20 minutes relative to maximum temperature. This effect is also seen for a number of other HXPs.
Let us mention that the temperature is always greater than 5 MK, and as the temperature reaches 5 MK, the intensity approaches zero. These two facts are in agreement with the contribution function of the Mg xii 8.42Å line. The contribution function decreases rapidly when the temperature approaches 5 MK.
HXPs' peak temperature (that is the maximum temperature reached during evolution of an individual HXP) lies in the range of 5 -50 MK.
A histogram of the HXP's peak temperature is shown in Figure 11 . The most likely value of the peak temperature is 12 MK. Figure 12. Dependence of HXPs' peak intensity on peak temperature.
The dependence of peak intensity on peak temperature is shown in Figure 12 . This figure shows that the two quantities are not correlated, i.e. more intense events are not necessarily hotter ones. Therefore, knowledge of peak intensity or peak temperature is not enough for the description of a HXP, but rather knowledge of other physical parameters is required.
Absolute Intensity, Emission Measure, and Electron Density
The HXP's emission measure is calculated from the absolute intensity and temperature. A histogram of HXP's peak emission measure is shown in Figure 13 . The HXP emission measure lies in the range of 10 45 -10 48 cm −3 . If volume and emission of a source are known, its electron density could be determined. The size of an HXP cannot be measured, but we can make an estimation of its upper value (not greater than 5 Mm) and therefore arrive at 46 47 48 49 50 log(EM[cm 
This estimation gives us a value of 10 10 cm −3 , which is higher than the typical value of electron density in the quiet corona (10 8 -10 9 cm −3 ). It is worth mentioning that an estimation of the sensitivity of the Mg xii spectroheliograph from the optical properties of the elements of which it consists (reflection coefficient of mirror on the working wavelength, detector sensitivity, etc.) is ten times higher than the value obtained by cross-calibration with GOES data. This means that obtained values of intensity and emission measure are accurate within a factor of ten. The uncertainty in the electron density would be three, which is acceptable for an estimation.
Dynamics of HXPs
For all 169 analyzed HXPs temporal variations of intensity, temperature, emission measure, and electron density were obtained. HXPs could be divided into two groups by the behavior of these parameters: those with gradually decreasing temperatures and those with rapidly decreasing temperatures.
Let us consider the first group (see Figure 14) . HXPs of this group have low intensity and emission measure at the beginning of their lifetime; their temperature lies in the range of 10 -15 MK. During a period of approximately five minutes, their intensity and emission measure increase slowly, and the temperature is roughly constant. Then the temperature reaches extremely high values (30 -50 MK) over a period of 2 -5 minutes, while its emission measure reaches a maximum, and intensity increases with the same rate. After reaching its maximum temperature, the HXP cools down to 5 MK between 5 -30 minutes, while the emission measure slowly decreases. The intensity reaches its maximum after maximum temperature. As the temperature approaches 5 MK, the intensity approaches zero. Since the cadence of the spectroheliograph is limited, for some events the phase of temperature increase is not seen. That is why some events are seen beginning from high temperatures (30 -50 MK). This behavior of HXP parameters could be explained by the following scenario: at some moment in time, a process of energy release in the volume of HXP begins. As a result, the HXP temperature increases and reaches its maximum. Then the power of the energy release decreases and the HXP starts to slowly cool down. HXPs of this group are 39% of the whole of observed HXPs. Let us describe the behavior of the second group (see Figure 15 ). HXPs of this group have an abrupt jump in temperature to high values (30 -50 MK) over a short period of time (2 -5 minutes) with slowly changing intensity. The HXP, after reaching its maximum temperature, cools down rapidly to 10 -20 MK in 2 -5 minutes. After this, the temperature stops changing and remains constant during the latter part of its lifetime (10 -30 min). Intensity and emission measure reach their maxima when the temperature remains constant. After reaching its maximum intensity and maximum emission measure, intensity and emission measure simultaneously decrease slowly to zero. Since the cadence of the spectroheliograph is limited, the temperature increase phase is not seen. That is why some events are seen beginning from stationary temperatures (10 -20 MK). The HXPs of the first group disappear because their temperatures leave the range, which can be seen using a spectroheliograph. The HXPs of the second group disappear because their emission measures approach zero. A decrease in the emission measure could take place because of the expanding (increasing volume) of the HXP or because of a decrease of electron density (or both). HXPs of the second group represent 40% of the whole observed HXPs. In addition to these two groups, there were very short events with lifetimes of two -three minutes. These events were seen during only two -four frames, and therefore very little can be said about their variation. Fast HXPs are 20% of the observed HXPs.
Spatial Distribution of HXP
In order to investigate possible connection between HXPs and active regions, the Mg xii spectroheliograph compared with Yohkoh/SXT images. Yohkoh/SXT has a wide temperature range (T > 2 MK), which includes hot plasma (T > 5 MK, which is seen in the Mg xii spectroheliograph) and cool components (T = 2 -5 MK, in which active regions are seen). Between August and December 2001 both satellites were operating, and a comparison could be carried out at this period of time.
Examples of such frames are shown in Figure 3 and Figure 16 . In Figure 3 images of Yohkoh/SXT and spectroheliograph taken within one hour are shown. HXPs, which are compact structures, are marked with arrows 1 -3. In Figure 16 images of Yohkoh/SXT and spectroheliograph taken at close points in time are shown. HXPs, which are loop footpoints, are marked with arrows. So HXPs could be a compact structure or be a part of an active region (footpoints of its loops).
In Figure 17 the spatial distribution of HXPs over the Sun's surface is shown. In order to build this map, coordinates of 169 HXPs observed between 2002 20 and 28 February were used. Figure 17 shows that HXPs are concentrated in the active-region bands. Microflares are also concentrated in the active region bands . X-ray bright points (XBP) are uniformly spread over the solar surface (Golub et al., 1974) . Thus, HXPs have a similar spatial distribution with microflares but are different than XBPs.
Cooling Time and Energy of HXP
Comparison of heating and cooling times of HXPs with conductive and radiative cooling rate will allow us to study the heating mechanism. A typical value of a HXP heating time is five minutes; the cooling time lies in the range of 2 -30 minutes. Let us compare these values with radiative and conductive cooling times.
The conductive cooling time τ cond is (Culhane et al., 1994) 
(where κ = 9.2 × 10 −7 erg s −1 cm −1 K −7/2 is the Spitzer conductivity, EM ≈ 10 47 cm −3 is the HXP emission measure, T ≈ 10 7 K is the HXP temperature, h is the source size, h 0 is the effective pixel size). Let us estimate the influence of radiative losses. The radiative loss rate is
where Λ(T ) ≈ 10 −22 erg cm 3 s −1 is the radiative loss function (Klimchuk, Patsourakos, and Cargill, 2008) . The conductive loss rate is
Let us compare these two quantities:
so radiative losses can be neglected. The conductive cooling time is significantly lower than the HXP lifetime, heating time, and cooling time. This means that energy release in the HXP volume occurs throughout its lifetime. HXP thermal energy ε th can be estimated as
ε th is four orders lower than thermal energy of the most powerful flares (4 × 10 32 erg: Hudson and Willson (1983) ). This means that HXPs could be classified by thermal energy scale as a micro-scale events.
Since HXP lifetime is significantly greater than τ cond , the power, which is heating the HXP, must be approximately equal to conductive losses: P ≈ ε th τ cond ≈ 10 27 erg s −1
The total energy, which is released inside HXP, equals ε total ≈ P τ total ≈ 10 30 erg,
where τ total is the HXP lifetime.
HXPs and Other Microactivity Phenomena
Let us compare measured HXP physical parameters with parameters of other flare-like microevents: microflares Hannah et al., 2008) , XBPs (Golub, Krieger, and Vaiana, 1976; Golub and Pasachoff, 1997) and nanoflares (Parker, 1988; Aschwanden et al., 2000) . The parameters of these phenomena are listed in Table 1 . Table 1 shows that HXPs differ significantly from XBPs and nanoflares in their lifetimes, temperatures, and sizes. HXPs have higher emission measures and electron densities than nanoflares. HXPs differ from XBPs in their spatial distribution over the solar surface.
HXPs and microflares have the same range of values of emission measure, electron density, and thermal energy. Also they have the same spatial distribution over the solar surface (they are concentrated in the active-region latitudes). Nonetheless, HXPs have longer lifetimes, higher temperatures, and smaller sizes than microflares.
Taking into account these arguments, we conclude that HXPs, nanoflares, and XBPs are different phenomena. The differences between HXPs and microflares are less clear, and we cannot rule out the possibility that they belong to a similar class of phenomena.
